Calcineurin activation is not necessary for Doxorubicin-induced hypertrophy in H9c2 embryonic rat cardiac cells: involvement of the phosphoinositide 3-kinase-Akt pathway.
The calcium/calmodulin-dependent phosphatase calcineurin has been shown to be both necessary and sufficient to induce cardiac hypertrophy in vivo and in vitro. Treatment with the antineoplastic agent doxorubicin (DOX) was shown to activate calcineurin signaling in H9c2 rat cardiac muscle cells; however, the effect of this activation on hypertrophy was not investigated. Therefore, the present study was undertaken to examine the involvement of calcineurin activation in DOX-induced cardiac cell hypertrophy. H9c2 cells were treated with 1 microM DOX for 2 h following pretreatment with and in the presence of calcineurin inhibitors cyclosporine A (CsA) or FK506 (tacrolimus). Subsequent analysis of calcineurin signaling and cellular hypertrophy was performed 8 to 48 h after the treatment. DOX treatment activated calcineurin signaling and resulted in cellular hypertrophy as assessed by an increase in cell volume and protein content per cell. Inhibition of calcineurin with CsA or FK506 blocked DOX-induced calcineurin signaling. However, this inhibition did not prevent the DOX-induced hypertrophic response in H9c2 cells. Further evaluation of the possible signaling pathways involved in DOX-induced H9c2 cellular hypertrophy revealed that DOX treatment resulted in phosphorylation of the serine/threonine protein kinase Akt, a downstream effector of phosphoinositide 3-kinase (PI3K). Moreover, the DOX-induced hypertrophic response was blunted by LY294002 [2-(4-morpholinyl)-8-phenyl-4H-1-benzopyran-4-one], a specific inhibitor for PI3K. These results demonstrate that, although calcineurin is activated by DOX treatment, it is not necessary for DOX-induced hypertrophy in H9c2 cells. Rather, the PI3K-Akt signaling pathway seems to be more critically involved in DOX-induced hypertrophy.